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X P S  D O S  S T U D I E S  O F  O X Y G E N - P L A S M A  T R E A T E D  Y B a 2 C u 3 0 7 - 0  
S U R F A C E S  A S  A  F U N C T I O N  O F  T E M P E R A T U R E .  
T .  C o n a r d ,  J . M .  V o h s ,  J . J .  P i r e a u x  a n d  R .  C a u d a n o .  
F a c u l t e s  U n i v e r s i t a i r e s  N o t r e - D a m e  d e  l a  P a i x ,  
L a b o r a t o i r e  L I S E  
r u e  d e  B r u x e l l e s ,  6 1 ,  B - 5 0 0 0  N A M U R ,  B e l g i u m .  
A B S T R A C T  
M o n o c h r o m a t i z e d  A l K a X P S  h a s  b e e n  u s e d  t o  m o n i t o r  c h a n g e s  
i n  t h e  e l e c t r o n i c  s t r u c t u r e  o f  1 2 3  s i n t e r e d  p e l l e t s  a s  a  
f u n c t i o n  o f  t e m p e r a t u r e  ( 9 0 - 6 5 0 K )  . S i n c e  1 2 3  s u r f a c e s  a r e  
k n o w n  t o  l o s e  o x y g e n  a n d  r e a c t  w i t h  w a t e r ,  a  n o v e l  
p r o c e d u r e  w a s  u s e d  t o  p r e p a r e  t h e  m a t e r i a l  s u r f a c e  t h a t  
w o u l d  b e  r e p r e s e n t a t i v e  o f  t h e  b u l k  m a t e r i a l .  I n  c o n t r a s t  
w i t h  p u b l i s h e d  r e s u l t s ,  w e  o b s e r v e d  d r a s t i c  D O S  
m o d i f i c a t i o n  ( i . e .  t h e  a p p e a r a n c e  o f  a  n e w  p e a k  c l o s e  t o  
t h e  F e r m i  l e v e l  a t  l o w  t e m p e r a t u r e )  .  
I N T R O D U C T I O N  
S i n c e  t h e  d i s c o v e r y  o f  h i g h  t e m p e r a t u r e  
s u p e r c o n d u c t i v i t y  i n  t h e  p e r o v s k i t e s  L a
2
_ x S r x c u o
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2 ,  t h e r e  h a v e  b e e n  n u m e r o u s  e x p e r i m e n t a l  
i n v e s t i g a t i o n s  o f  t h e i r  p h y s i c a l  p r o p e r t i e s ,  i n c l u d i n g  a  
n u m b e r  o f  p h o t o e m i s s i o n  s t u d i e s  u s i n g  u l t r a v i o l e t ,  X - r a y ,  
o r  s y n c h r o t r o n  r a d i a t i o n .  T h i s  w o r k  i s  o f  g r e a t  
i m p o r t a n c e  i n  t h e  u n d e r s t a n d i n g  o f  t h e  t e m p e r a t u r e  
d e p e n d e n c e  i n  t h e  e l e c t r o n i c  s t r u c t u r e  o f  t h e s e  c o m p o u n d s .  
I t  i s  n o w  w e l l  k n o w n  t h a t  t h e  p e r o v s k i t e  
s u p e r c o n d u c t o r s  e a s i l y  l o s e  o x y g e n  a t  t h e i r  s u r f a c e s ,  e v e n  
a t  r o o m  t e m p e r a t u r e .  S e v e r a l  m e t h o d s  h a v e  b e e n  u s e d  t o  
a n a l y s e  c o m p o u n d s  w i t h  a  c o r r e c t  ( i . e .  Y B a 2 C u 3 0 7 - o >  o x y g e n  
c o m p o s i t i o n  s u c h  a s  a n n e a l i n g  i n  oxy~en 
3  
o r  s c r a p i n g  t h e  
s u p e r c o n d u c t o r  a t  l o w  t e m p e r a t u r e  .  T h e  p r e s e n t  w o r k  
u s e d  a  n o v e l  p r o c e d u r e  t o  p r e p a r e  s u r f a c e s  r e p r e s e n t a t i v e  
o f  t h e  b u l k  o x y g e n  s t o i c h i o m e t r y  b y  a p p l y i n g  i n  s i t u  a n  
o x y g e n  p l a s m a  d i s c h a r g e .  
I n  t h i s  s t u d y ,  w e  h a v e  m e a s u r e d  t h e  d e n s i t y  o f  s t a t e s  
( D O S )  o f  a n  Y B a C u O  s i n t e r e d  p e l l e t  i n  t h e  v a l e n c e  b a n d  
b e t w e e n  t h e  F e r m i  l e v e l  a n d  5 0 e V  b e l o w  i t ,  o v e r  a  w i d e  
t e m p e r a t u r e  r a n g e  ( 9 0  - 6 5 0  K ) .  W h i l e  d o i n g  t h i s ,  w e  h a v e  
a l s o  m o n i t o r e d  t h e  c o r e  l e v e l s  o f  t h e  o x y g e n ,  c o p p e r s  a n d  
b a r i u m  a t o m s .  I n  c o n t r a s t  w i t h  p u b l i s h e d  r e s u l t s  
4
'  ,  w e  
o b s e r v e d  d r a s t i c  c h a n g e s  i n  t h e  D O S  c l o s e  t o  t h e  F e r m i  
l e v e l .  
©  1 9 8 9  A m e r i c a n  I n s t i t u t e  o f  P h y s i c s  
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EXPERIMENTAL DETAILS 
YBaCuO samples were powders prepared according to the 
original recipe 2 For the photoemission experiments they 
were prepared as disks of approximately 10 mm in diameter 
and 1 mm thick. They were stored in air at room 
temperature. 
The photoemission measurements were performed in a 
HP5950A spectrometer with hemispherical analyser. 
Monochromatic AlKa X-rays (1486. 6 eV) were used as 
exciting radiation and the base pressure in the analysis 
chamber fluctuated between 1.10-9 to 10-8 Torr depending 
on the sample temperature treatment. Indeed, the sample 
holder could be cooled with liquid nitrogen to a 
temperature of about 90 K and heated resistively to 650 K. 
The temperature was maintained in all this range by a 
thermoresistance temperature controller. 
Initially, we recorded XPS spectra of the core levels 
without any sample treatment. Then the sample was brought 
out the ultravacuum chamber and severely scraped with a 
stainless steel blade. It was then rapidly reintroduced 
in the chamber and scraped again in vacuo with a diamond 
file. The aim of this surface treatment was to obtain a 
surface of the ceramic with a composition as close as 
possible to that of the bulk. The sample was then treated 
with an oxygen plasma discharge.Figure 1 shows the 
Oxygen inlet 
Power supply 
Fig. 1: Principle scheme of the 
oxygen plasma discharge 
principle scheme of this 
discharge: A high purity 
silver ring was maintained 
at 500 V above the sample 
for twenty minutes in a 
pre sure of 1 o- 2 mbar of 
oxygen. The discharge 
current was appproximately 
0.7 rnA as a result, a 
blue glowing discharge 
bombarded the sample with 
ionized oxygen atoms. This 
procedure was used to 
restore the sample surface 
with the correct oxygen 
composition (i.e. 
YBa 2 cu 3 o7 ). After this 
surface treatment we began 
the temperature dependent 
analysis. 
The core level spectra 
of all the constituent 
atoms exhibited more than 
2 4 2  
o n e  c o m p o n e n t  .  
d i s t i n g u i s h  t h e m :  
o f  t h e  p e a k s ,  a n d  
u s e d  t o  r e p r o d u c e  
C u r v e  f i t t i n g  r o u t i n e s  
a  b a c k g r o u n d  p r o p o r t i o n a l  
g a u s s i a n - l o r e n t z i a n  m i x e d  
t h e  s h a p e  o f  t h e  r e c o r d e d  
w e r e  u s e d  t o  
. t o  t h e  s u r f a c e  
f u n c t i o n s  w e r e  
s p e c t r a .  
R E S U L T S  A N D  D I S C U S S I O N  
C O R E  L E V E L  S P E C T R A  
F o r  a l l  s a m p l e s  a n d  s t a g e s  o f  t r e a t m e n t ,  e v e n  a f t e r  
t h e  s e v e r e  s c r a p i n g ,  s i g n i f i c a n t  c o n t a m i n a t i o n  b y  c a r b o n  
s p e c i e s  w a s  e v i d e n t . T h e r e  w e r e  t w o  k i n d s  o f  c a r b o n  s p e c i e s  
i n  t h e  C l s  s p e c t r a . O n e  a t  a p p r o x i m a t e l y  2 8 9  e V  w h i c h  i s  a t  
t h e  s a m e  b i n d i n g  e n e r g y  a s  t h e  C l s  p e a k  f o r  B a c o
3
,  o n e  o f  




p r e c u r s o r s  . T h i s  p e a k  c o u l d  b e  d u e  t o  
u n r e a c t e d  p r e c u r s o r  b u t  i s  m o r e  p r o b a b l y  d u e  t o  r e a c t i o n  




.  T h e  o t h e r  c o m p o n e n t  a t  2 8 4 . 7  e V  i s  a t t r i b u t e d  t o  
h y d r o c a r b o n  c o n t a m i n a t i o n  a n d  w a s  u s e d  t o  c a l i b r a t e  a l l  
t h e  s p e c t r a . I n  c o n t r a s t  w i t h  o t h e r  r e s u l t s  8  w e  c o u l d  n o t  
B a  3 d  5 / 2  
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F i g .  2 :  S p e c t r a  o f  S a  3 d 5 / 2  
l e v e l :  a f t e r  s c r a p i n g  a n d  a f t e r  
d i s c h a r g e  i n  o x y g e n  a t  r o o m  
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l e v e l :  a f t e r  s c r a p i n g  a n d  a f t e r  
d i s c h a r g e  i n  o x y g e n  a t  r o o m  
t e m p e r a t u r e , a t  9 0 K  a n d  6 5 0 K  
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eliminate this component after scraping: this peak is an 
indication of a large contamination in and around the 
micrograins in the ceramic. 
The barium 3d5/2 spectra did not exhibit any change 
as a function of treatment procedure or sample 
temperature. Therefore, the barium peak was used as a 
reference in this work to calculate the atomic ratio of 
the other constituents. The Ba3d5/2 spectra are displayed 
in figure 2. 
Figure 3 shows the spectra of the 3/2 component of 
the Cu2p doublet. These spectra exhibit a broad satellite 
structure near 940 eV typical of the cu++ shake-up. No 
significant changes were observed in these spectra after 
scraping, oxygen plasma discharge and at low temperature. 
However, when the sample was heated, the Cu2p3/2 peak 
shifted to lower binding energy. The origin of this 
displacement can be attributed to reduction of copper from 
cu++ to cu+. This could be clearly seen after computer 
curve resolution. This is also confirmed by the fact that 
the intensity ratio between the satellite peak and the 
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Fig. 4: Spectra of 0 ls 
level: after scraping and 
after discharge in oxygen 
at room temperature,at 
90K and 650K 
Figure 4 displays the Ols 
spectra the calculated atomic 
ratios are listed in table I. 
After scraping, the amount of 
oxygen present at the surface 
decreased significantly, 
suggesting that these ceramics 
were highly contaminated in the 
surface region. After the o2 
discharge treatment there was no 
major modification in the room 
temperature spectra, however, the 
surface atomic concentrations 
were close to the bulk 
stoichiometry.At low temperature, 
the total amount of oxygen 
present at the surface increased 
significantly. This increase can 
be attributed to water 
contamination resulting from 
adsorption from the background 
gas. The component corresponding 
to Ols in water at about 533 eV 
increased and now represents a 
significant portion of the oxygen 
ls signal. The high temperature 
spectra shows also significant 
modification that can be 
attributed to water desorption. 
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crucible. No significant contribution of the W signal is 
expected at binding energies close to the Fermi level. 
At low temperature (approximately 90 K), we observed 
drastic modification in the DOS (fig. 6). At 6 eV, a new 
strong feature (Y) is clearly apparent. This new peak can 
be explained if we recall that water adsorption is 
probably contaminating the sample surface at liquid 
nitrogen temperature. Another group 1 0 has reported 
similar DOS changes when they intentionally adsorbed H2o 
on YBa2Cu307. This interpretation is also consistent with 
changes we observed in the 01s spectra. 
Another clearly visible change at low temperature is 
an increase in the DOS very near the Fermi leve 1 
(structure X) This increase can not be explained by the 
presence of water/ice at the surface 10 , 11 as ice only 
contributes at higher binding energies and not at the 
Fermi level. This is the first time, to our knowledge, 
that such a temperature dependence in the DOS of YBaCuO 
has been observed by XPS. A similar modification in the 
DOS of the Bi 4ca3sr3cu 4o16+x compound at low temperature 
has recently been reported 12 (fig.7) : it was measured by 
angle integrated ultraviolet photoemission and has been 
interpreted as the consequence of the opening of a 
superconductor gap. Another angle resolved UPS study 1 3 
on YBa2Cu307 also shows a modification in the DOS near the 
·· VALENCE BAND 
\ 
·, 650 K 
X 
·. ·-__ , 
90K ~. ___ _ 
-.. .. ~ lOOK 
8 6 4 2 0 
BII()JNG ENERGY ( eV I 
Fig. 6: Valence band spectra 
of oxygen plasma discharge 
pellets at room 






Fig. 7: Photoemission spectra 
taken at room temperature and 
at 60K for Bi 4Ca3Sr3cu4o1 6+x 
(ref 1"'' 
2 4 6  
F e r m i  l e v e l  f o r  c e r t a i n  d i r e c t i o n  o f  t h e  B r i l l o u i n  z o n e  
a n d  f o r  c e r t a i n  p h o t o n  e n e r g y .  I n  t h e  p r e s e n t  s t u d y ,  t h e  
f a c t  t h a t  w e  a r e  w o r k i n g  i n  a n g l e  i n t e g r a t e d  m o d e  a l l o w s  
u s  t o  e x c l u d e  s u c h  a n  o r i g i n .  T h i s  c o n c l u s i o n  i s  
r e i n f o r c e d  b y  t h e  f a c t  t h a t  t h i s  m o d i f i c a t i o n  i s  a  
t e m p e r a t u r e  d e p e n d e n t  s t r u c t u r e  s i n c e  i t  d o e s  n o t  a p p e a r  
i n  t h e  r o o m  a n d  h i g h  t e m p e r a t u r e  s p e c t r a .  
W h e n  t h e  t e m p e r a t u r e  o f  t h e  s u p e r c o n d u c t o r  w a s  
i n c r e a s e d  t o  6 5 0  K ,  t h e  s t r u c t u r e  a t  6  e V  i s  p a r t i a l l y  
r e m o v e d .  T h i s  i s  i n t e r p r e t e d  a s  w a t e r  d e s o r p t i o n .  
H o w e v e r ,  t h e r e  w a s  s t i l l  a  s t r o n g  s h o u l d e r  a t  t h i s  e n e r g y ,  
s u g g e s t i n g  a  r e a c t i o n  b e t w e e n  t h i s  c e r a m i c  a n d  t h e  w a t e r  
p r e v i o u s l y  a d s o r b e d  a t  t h e  s u r f a c e  a n d  f o r m a t i o n  o f  
h y d r o x i d e  s p e c i e s  a t  t h e  s u r f a c e .  T h i s  i n t e r p r e t a t i o n  i s  
c o n s i s t e n t  w i t h  t h e  s t u d y  o f  K u r t z  e t  a l .
7  
w h i c h  s h o w s  
t h a t  a n o t h e r  s u p e r c o n d u c t i n g  c e r a m i c  ( L a 2 - x S r  x c u o
4
)  i s  





0 ,  c o
2
,  C O )  .  T h e  o t h e r  m o d i f i c a t i o n  a t  h i g h  t e m p e r a t u r e  
i s  t h e  d i s a p p e a r a n c e  o f  s t u c t u r e  X  a t  t h e  F e r m i  e d g e .  
C O N C L U S I O N  




s a m p l e s  w h o s e  s u r f a c e s  h a s  b e e n  t r e a t e d  
i n  s i t u  i n  a n  o x y g e n  p l a s m a  d i s c h a r g e  s h o w e d  f o r  t h e  f i r s t  
t i m e  D O S  m o d i f i c a t i o n  c l o s e  t o  t h e  F e r m i  l e v e l ,  a t  l i q u i d  
n i t r o g e n  t e m p e r a t u r e .  T h i s  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  
t h e  f a c t  t h a t  t h e  s a m p l e  s t o i c h i o m e t r y  h a s  b e e n  r e s t o r e d  
b y  t h e  p r e p a r a t i o n  p r o c e s s ,  a n d  a l s o  p r o b a b l y  w i t h  t h e  
f a c t  t h a t  X P S ,  w h e n  i n d u c e d  b y  a  m o n o c h r o m a t i z e d  A l K a  
s o u r c e ,  i s  c e r t a i n l y  l e s s  s u r f a c e  a n d  g r a i n  b o u n d a r y  
s e n s i t i v e  t h a n  p r e v i o u s l y  p u b l i s h e d  s y n c h r o t r o n  
p h o t o e m i s s i o n  r e s u l t s .  A s  a  c o n s e q u e n c e ,  w e  a t t r i b u t e  t h e  
n e w  D O S  s t r u c t u r e  a p p e a r i n g  a t  t h e  F e r m i  l e v e l  a t  9 0 K  t o  
a n  o x y g e n  r e l a t e d  b a n d  i n  t h e  s u p e r c o n d u c t o r  
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